Introduction 45
The measurement of the exposure to pollution and of the biological effects of toxicants 46 has become of major importance for the assessment of the quality of the environment (van der 47 Oost et al., 2003) . The use of biological markers at the molecular or cellular level have been 48
proposed as sensitive 'early warning' tools for biological effect measurement (van der Oost et 49 al., 2003) . This approach has been widely used both in vivo and in vitro for the evaluation of 50 xenobiotic effects on animals (Binelli et al., 2006) . 51
Among anthropogenic contaminants, pesticides are widely detected in freshwater and 52 estuarine ecosystems. These molecules are spread on terrestrial cultures and enter waterways 53 from agricultural and urban run-off. Pesticides may have major ecological consequences 54 (Ozretic and Krajnovic-Ozretic, 1992 ). The organophosphates (OPs) and carbamates (Cs) are 55 modern synthetic insecticides and are potent neurotoxic molecules (Ashauer et al., 2006) . 56
They exert acute toxicity by blocking the breakdown of acetylcholine by the enzyme 57 acetylcholinesterase (AChE: E.C.3.1.1.7) in vertebrate and invertebrate organisms (Fulton and 58 Key., 2001). Acetylcholine is the primary neurotransmitter in the sensory and neuromuscular 59 systems in most species. The activity of this system is vital to muscular function and 60 represents a prime target on which OPs and Cs can exert a detrimental effect (Sarkar et al., 61 2006) . 62
Monitoring AChE activity in wildlife populations has been proposed as a general 63 method for detecting environmental contamination from OPs and Cs, particularly since many 64 of these chemicals have relatively short half-lives in the aquatic environment and are not 65 water soluble. The World Health Organization (Paris) recognizes AChE biomonitoring as a 66 preventive measure against OP overexposure in nontarget species (Romani et al., 2005) . Its 67 use as a specific biomarker to assess the exposure of aquatic organisms to these compounds is 68
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Material and Methods 99
Chemicals 100
Acetylthiocholine iodide (ASCh), butyrylthiocholine iodide (BSCh), propionylthiocholine 101 iodide (PSCh), 5,5-dithio-bis-2-nitrobenzoate (DTNB), eserine, BW284c51 (1,5-bis(4-102 allydimethylammoniumphenyl)-pentan-3-one dibromide), iso-OMPA (tetra-103 (monoisopropyl)pyrophosphor-tetra-mide) and chlorpyrifos were obtained from Sigma-104 Aldrich (Villefranche, France). 
Cholinesterase activity 114
The whole animals with shell were weighed and homogenized with an Ultra-Turrax T25 115 basic® at 24 000 rpm for 40 seconds in 1:10 (W:V) for V. piscinalis and 1:20 for P. 116 antipodarum 0.1 M phosphate buffer, pH 7.8, plus 0,1% Triton X-100. Homogenates were 117 centrifuged at 9,000×g for 15 min at 4 °C. Supernatants were used as the enzyme source. 118
The enzyme activity was measured following the Ellman method (1961). In a typical assay, 119 330 µL of 0.1 M phosphate buffer pH 7.8, 20 µL of 0.0076 M the chromogenic agent DTNB 120 and 20 µL of sample were successively added in a 96 wells microtitre plate. Measurement of 121 enzyme activity was initiated by the addition of ten µL of freshly prepared acetylthiocholine 122 iodide solution in distilled water. Absorption of the 2-nitro-5-thiobenzoate anion, formed 123 hal-00453841, version 1 -5 Feb 2010 8 A seven days semi-static bioassay was performed, and the survival and the ChE activity of the 149 snails were followed in the course of the experiment. Snails were placed in glass beakers 150 filled with 300 mL of drilled ground water. Snails of both species were placed in the same 151 beakers, one day before the beginning of the contamination experiment for acclimatization. 152
Stock solutions of chlorpyrifos were prepared daily by dissolving chlorpyrifos in acetone used 153 as solvent, and diluted in an appropriate amount of drilled ground water, using serial dilution. 154
The concentration of acetone was kept at 0.05 ‰ in all pesticide solutions used. Solvent 155 (acetone) and solvent-free (drilled ground water) controls were included in the test design. 
Measurement of chlorpyrifos concentration in water 166
Samples for chlorpyrifos analyses were collected every day, 10 minutes and 24 h after the 167 water renewal in two beakers of each contamination levels (0.14, 2.86 and 14.2 nM). 
Data analysis 187
Results were expressed as means ± standard error. Values were transformed (log X) to 188 achieve normality when necessary. Data were analysed using ANOVA on Statgraphics 30.2 ± 1.2 for PSCh (95.5%) and 2.7 ± 0.3 for BSCh (8.5%). For V. piscinalis, enzymatic 208 activities were 17.3 ± 0.5 for ASCh (100%), 9.1 ± 0.7 for PSCh (52.6%) and 3.9 ± 0.3 for 209 BSCh (22.5%). 4 mM was defined as the optimal concentration for ASCh and PSCh for both 210 species . 211
ChE activities followed the Michaelis-Menten kinetic when ASCh and PSCh were used as 212 substrates for both species (Figure 1) . Kinetics parameters (K m , V max , and V max /K m ) are 213 reported in Table 1 . K m values were ten times higher for V. piscinalis than for P. 214
antipodarum, whatever the substrate used. 215 216
Specific inhibitors 217
Eserine decreased significantly ChE activities measured with the three substrates for the two 218 species (Figure 2 a&b) . However, at 100 µM of eserine, inhibition was lower for BSCh than 219 for ASCh and PSCh for both snails. The inhibition profiles of ASCh and PSCh were similar 220 for P. antipodarum and V. piscinalis. Nevertheless, whatever the substrate used, the IC 50 221
Chemosphere Iso-OMPA only induced a significant decrease butyrylcholinesterase activity of P. 224 antipodarum (Figure 2 c&d) . However, 50% of inhibition was not reached in our 225 experiment). 226
BW284c51 significantly decreased the activities obtained for ASCh and PSCh for both 227 gastropod species. For BSCh, the activity was significantly decreased only for V. piscinalis 228 (Figure 2 e&f) .
Concentration of chlorpyrifos in water 234
Chlorpyrifos concentrations in water were analyzed after 10 minutes and 24 h in the 235 experimental conditions. Measured concentrations of chlorpyrifos for the three nominal 236 concentrations (0.14, 2.86 and 14.2 nM) were 0.28 ± 0.02, 2.65 ± 0.2 and 13.12 ± 0.8 nM 10 237 minutes after water renewal, respectively, and 0.22 ± 0.02, 1.48 ± 0.1, 5.98 ± 0.4 nM 24 h 238 after water renewal, respectively (data not shown). After 24 h of contamination, a decrease of 239 concentration was observed: chlorpyrifos measured concentrations were 58.1, 39.5 and 27.2% 240 of the concentrations measured at 10 minutes (data not shown). 241
242
In vivo effects of chlorpyrifos on ChE activity 243
During the seven days of experiment, no mortality was reported for P. antipodarum, neither 244 in controls, nor in contaminated beakers. A slight mortality was registered for V. piscinalis (5-245
Chemosphere
hal-00453841, version 1 -5 Feb 2010 6% of cumulative mortality), but this was not significantly different between controls and 246 contaminated animals (data not shown). 247
In vivo exposure to chlorpyrifos led to inhibition of ChE activity in P. antipodarum (Figure  248   3a) Enzymatic activity observed with BSCh was inhibited for both species by eserine, a 304 cholinesterase inhibitor. Enzymatic activities measured using ASCh and PSCh were almost 305 totally inhibited by eserine in both species. Iso-OMPA, a specific inhibitor of BChE in 306
vertebrates (Bocquené et al., 1997) , did not modified this activity in V. piscinalis. However, a 307
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The whole results suggest that V. piscinalis possesses a single ChE isoform, which presents 310 all the properties of a vertebrate AChE: high preference for ASCh and low for BSCh; high 311 sensitivity to eserine and BW284c51, but not to iso-OMPA. On the contrary, more complex 312 isoforms of ChE seem to coexist in P. antipodarum, one major isoform presenting properties 313 intermediate between an AChE and a PChE, and another minor isoform presenting properties 314 of a BChE. higher. These results suggest that V. piscinalis ChEs are less sensitive that in P. antipodarum. 321
In our experiments, we measured effects of chlorpyrifos on P. antipodarum and V. 322 piscinalis. Chlorpyrifos is a widely used organophosphate insecticide and is the active 323 ingredient in a number of commonly used household and agricultural insecticide formulations 324 (Fulton and Key, 2001) . It is volatile and concentration decreases rapidly in water in constant 325 exposure conditions. For these reasons, we performed the laboratory experiment using semi-326 static conditions. Nevertheless, an important decrease of chlorpyrifos level was measured 327 after 24h. A similar 50% loss was reported in a contamination experiment of G. pulex to 0. concentrations in small streams and wetlands adjacent to agricultural fields could range from 334 0.2 to 2 µM (Mazanti et al., 2003) . Moreover, the relatively short-half life of chlorpyrifos in 335 water may result in underestimate levels of exposure (Mazanti et al., 2003) . 336
We demonstrated the dose-response and time-dependant effects of chlorpyrifos on P. 337 antipodarum: for 14.2 nM, inhibition was 40% of the control after 24 h of contact and 338 increased to 80% of the control after 168 h of contact, without significant mortality. However, On the contrary, this OP increased AChE activity in S. inaequivalvis after 15 days of exposure 346 to 0.3 nM (Romani et al., 2005) , which comforts our results on V. piscinalis; however, the 347 biological explanation remains unknown. IC 50 of chlorpyrifos for AChE was 9.71 nM in P. 348 antipodarum at 96 h, which was ten times higher that for G. pulex in the same experimental 349 conditions (Xuereb et al., 2007 control. However, a high mortality was observed in N. diversicolor contaminated with 361 parathion and malathion when 55% of AChE inhibition occurred (Scaps et al., 1997) . A high 362 mortality and 70% of AChE inhibition also occurred in G. pulex exposed to chlorpyrifos 363 (Xuereb et al., 2007) . More research is needed to clarify the relationships between OP 364 exposure, AChE inhibition and mortality. 365 P. antipodarum AChE could be an useful biomarker of pesticide contamination as its 366 inhibition occurred at low concentration without mortality. Therefore, P. antipodarum could 367 be used in field contamination assessment. However, ChE activities may be differentially 368 modulated depending on the pollutant tested (Ozretic and Krajnovic-Ozretic, 1992). To better 369 assess the interest of P. antipodarum as field sentinel species, we need to confirm its 370 sensitivity to several anti-cholinesterase compounds and in different exposure conditions. 371
Moreover, as pesticide contamination in the field is a discontinuous phenomenon, it will be 372 necessary to test recovery of AChE activity after a contamination and to assess the effects of 373 successive contamination exposure. 374
375

Conclusion 376
The aim of our work was to characterize P. antipodarum and V. piscinalis ChEs. Our results 377
show that P. antipodarum possesses several isoforms of ChEs, one undifferentiated between 378 an AChE and a PChE, and another one which could be assimilated as a BChE. V. piscinalis 379 seems to possess only one isoform close to the vertebrate AChE. Our results also illustrate the 380 relative insensitivity of ChE activity following V. piscinalis exposure to environmental 381 
